The pure rotational spectra of both isotopomers of NaCl, i. e. 23 From the experimental data the equilibrium constants e , , , e , , , e and are calculated as well. The refined parameters for both isotopomers allow precise frequency predictions to be made far into the terahertz region. Thus this new and highly precise data set for NaCl is intended to support future astrophysical observations.
Introduction
The first few low frequency rotational transitions ( = 2 1, 3 at 26 GHz) of NaCl were measured by Honig et al. in 1954 [1] . These authors recorded with moderate accuracy ( 1 MHz) four lines for Na 35 Cl and three of the less abundant Na 37 Cl in different vibrationally exited states with 3. Ten years later Clouser and Gordy [2] investigated the pure rotational spectra of the four alkali chlorides, i. e. NaCl, KCl, RbCl, and CsCl in the 0.96 mm to 3 mm wavelength range. The availability of this enlarged wavelength region just barely touching the sub-millimeter part of the electromagnetic spectrum clearly states the technical progress which was achieved during these 10 years. It is, therefore, not only of pure historic interest to quickly look at the highest frequency line at 312 GHz presented in the work of Clouser and Gordy. It is of interest to compare the "extremely weak line" judged from its appearance with the signal to noise ratio obtained with the Cologne terahertz spectrometer: it is the rotational transition = 24 23 measured at 312109.74 0.15 MHz for which we present in Fig. 1 Clouser and Gordy covered the frequency range from 104 GHz to 312 GHz which corresponds to the rotational transitions from = 8 7 to = 24 23. They recorded and analyzed for Na 35 Cl a total of 13 lines for the three vibrational states = 0, 1, 2 and for Na 37 Cl six transitions ( = 0 and 1) were assigned. Dunham's solution for the diatomic molecule was applied in interpretation of the data. The six Dunham constants, 01 , e , e , e , e , and e were calculated directly from the measurements. The predictions of line positions for high transitions, which are based on these medium measurements, are reliable only to the millimeter wavelength range.
Sodium Chloride and Astrophysics
In 1987 Cernicharo and Guèlin [3] reported the detection of the three metal halides NaCl, AlCl, and KCl in the warm, inner and dense circumstellar envelope of the late type star IRC+10216. The NaCl rotational lines were observed in the frequency-region between 90 and 170 GHz with the IRAM 30 m telescope. The circumstellar spectra display a plethora of different molecular species aside from NaCl. Among the large number of circumstellar transitions found in this survey work, six lines were assigned to the ground vibrational state of Na 35 Cl. In addition one circumstellar line matches the rest-frequency position at 101961.9 MHz of the = 7 6 transition for Na 37 Cl. The relatively high interstellar abundance of sodium and chlorine, i. e. the 15 th and 20 th abundance, lend encouraging motivation to continue the search towards hotter and even denser core regions as well as to check in other sources with the aim to find NaCl's probable interstellar distribution as well. A similar reasoning will apply to all the other circumstellar alkalides.
Concerning the millimeter-, sub-millimeter and adjoining far infrared region, two missions are planned for investigating interstellar space: the air-borne SOFIA mission (Stratospheric Observatory For Infrared Astronomy) with its planned maiden-flight by 2004, and the space mission Herschel to be launched by 2007. The planned airplane mission SOFIA calls for a converted jumbo-jet carrying a 3 m radiotelescope on board at an altitude of about 15 km, and it will conduct in part interstellar observations with most of the intervening atmosphere removed. In 2007
Herschel will be launched and will place a 3 m telescope into space. With all the various heterodyne high resolution receivers on board, Herschel will cover most of the submillimeter wavelengths far into the terahertz region. Both missions will require significant spectroscopic input on atomic and molecular line positions occurring at high frequencies, specifically in the terahertz region, which has been notoriously difficult to work in for both, the laboratory spectroscopists and the astrophysicists. This development emphasizes the very strong demand for highly accurate laboratory spectroscopic data throughout the terahertz domain. We try to provide some of these data and linepositions in the terahertz region.
Along these lines we have started some time ago a program to provide highly accurate and very reliable spectroscopic data which are made available worldwide via the Cologne Database for Molecular Spectroscopy, CDMS, which can be accessed free of charge via http://www.ph1.uni-koeln.de/vorhersagen/ or alternatively via the short-cut http://www.cdms.de [4] ).
In this work we provide precise data for both isotopomers. Predictions up to 2 THz will be very reliable.
Experimental
Under normal temperature and pressure conditions, NaCl is a white solid with extremely low vapor pressure. In Table 1 we summarize the most important physical parameters of sodium chloride necessary for this work. To obtain NaCl-vapor in measurable amounts, low total pressures and high temperatures ( 1000 K) are required. The temperature range needed to evaporate NaCl or any other alkali chloride, asks for special experimental arrangements. For this purpose we have constructed a special heater system, which heats a small ceramic evaporation vessel, a ca. 5 cm long hollow container used to hold the salt. The entire heating system is encircled by the heater filament. In addition there exists a radiation shield, surrounding the filament to protect the absorption-cell against the thermal radiation and reflect it towards the vessel. This construction is positioned at the center of the spherical cell (see Fig. 2 ), which offers the advantage of easily positioning the heater very tightly beneath the test beam but with sufficient distance to the walls of the glass-sphere. Operational conditions of the sample cell were provided by applying helium as buffer gas, in order to reduce the decay of NaCl molecules on the cell walls. The partial pressure of helium within the cell was controlled to be 100 µbar, to maintain a maximum in intensity and to keep the line-shape of most lines as narrow as possible. The NaCl content of the vessel allowed 3 -4 hours of continuous measurements. This cell was installed into the Cologne THzspectrometer designed in 1993 [5] to observe rotational spectra in the millimeter-and submillimeterwave range (Fig. 2) . In this setup Backward Wave Oscillators (BWO) built in Russia are used as radiation source. In a BWO (left of Fig. 2 ) electrons, accelerated to 5 -10% of the speed of light, pass a "slow wave structure", where they are slowed down and accelerated periodically. This way electromagnetic radiation is generated. The frequency of the emitted radiation depends on the "slow wave structure" and the speed of the electrons. The latter can be controlled by the accelerating voltage, which amounts to a few kV. These compact BWOs are very precise in frequency and we cover with them bands in between 53 and 1250 GHz. Frequency multiplication has been tested at the spectrometer reaching up to 2.3 THz.
We recorded a large number of new lines of NaCl, which are listed in Tables 2 and 3 . The positional accuracy of the center frequency of the lines de- 
Results and Conclusion
As a demonstration of lines in high excited states we present spectra of the two isotopomers in Figs.  3 and 4 , respectively. The lines are recorded in second derivative form, to partly suppress the baseline influence and to improve the signal to noise ratio. The new lines are subjected to a least squares fit, where the previous microwave measurements of Honig et al. [1] and Clouser and Gordy [2] with totally 23 lines were included. The data were fitted with aid of the program of Herb Pickett [6] to the customary energy level expression. The resulting revised molecular parameters, including 2 new parameters ( and ) are shown in Table 4 for each isotopomer. Because of the astrophysical relevance, the ground state parameters 0 , 0 and 0 are calculated additionally and listed separately in Table 5 .
On the basis of the data presented in this paper, the rotational spectrum of both isotopomers of sodium chloride can be predicted up to 2 THz with a high level of confidence for astrophysical investigations. It might be pointed out that it will be not an easy requirement to find in circumstellar sources or in star forming regions, excitation conditions based on collisional pumping excite transitions as high as 60 for a molecule with a permanent electric dipole moment of 9 Debye. It seems more likely that very specific excitation conditions, like e. g. line pumping, can selectively pump certain energy levels to produce an increase in higher level populations. These "unusual" excitation conditions will certainly be confined to the hot-inner cores in star formation regions. They can also be found in the central ring-regions, where the molecules are "in status nascendi" and presumably very hot, i. e. around 1500 K. The predictions will be accessible via the Cologne Database for Molecular Spectroscopy (URL: http//:www.cdms.de) [4] . As often in the past, astronomical observations have triggered a more elaborate and refined molecular analysis, and thus NaCl provides another example of the synergy between molecular spectroscopy and radio astronomy.
